The Departments of General Medicine and Neitropathology, Frenchay Hospital, Bristol Summary In the original description of serum sickness by Von Pirquet and Schick (1905) vasculitis was described as a feature. This was subsequently shown to be due to circulating immune complexes, which are known to be eosinotactic. The indicated that this agent probably provided the initial antigenic stimulus.
Case report
A 14-year-old white boy of English parentage was admitted as an emergency to the Royal United Hospital, Bath, with a 24-hr history of abdominal pain. This was originally central in position but subsequently radiated to the right iliac fossa. He had also had pain in both sides of the neck. One month before the onset of these symptoms he had had a sore throat and non-productive cough, but no rash. From that time he had remained anorexic and lethargic. There was no previous history of illness except for mild eczema at the age of 2-5 years; this did not persist and there were no other atopic features. He had had a dry scaly skin since birth and one of his four sisters was similarly affected. He had neither had measles nor been immunized against it. At 10 years he was innoculated with the triple vaccine (polio, diphtheria and tetanus) and at 12 years was vaccinated and given BCG; neither was associated with any severe reaction. Apart from a visit of one month to Canada 2 years before his illness, the patient had not been abroad. On examination, the following physical signs were demonstrated: pyrexia (380C), pulse 100/min, b.p. 120/80 mmHg, lymphadenopathy involving cervical, submandibular and left inguinal groups of nodes; splenomegaly (2 cm below costal margin); tenderness in the lower abdomen, with guarding but no palpable mass. The peripheral blood picture showed: Hb 14A4 g°/; WBC 31,000/mm3 neutrophils, 23,560 (76°/); eosinophils, 5890 (19%4); lymphocytes, 930 (3%4); monocytes, 620 (2%4); Paul Bunnell test,
negative.
A laparotomy was performed and showed the presence of free fluid in the peritoneal cavity, a large mass comprising caecum with marked oedema of surrounding tissue and large fleshy glands in the right mesocolon, with smaller nodes in the mesentery of the terminal ileum. The presence of a large soft spleen was confirmed. A right hemicolectomy was performed. Macroscopic examination of the resected specimen showed that the caecum was ulcerated, with a thin, haemorrhagic wall: the adjacent colon showed huge oedematous mucosal folds ( Fig. 1 ). Histological examination showed no evidence of reticulosis. The submucosa was oedematous with diffuse infiltration by plasma cells and eosinophils. There was an endarteritis affecting small arteries, fibrin thrombi in capillaries and thrombotic occlusion of venules. Some lymph nodes showed vasculitis in small capillaries ( Fig. 2) .
Post-operatively his abdominal pain settled, but his pyrexia continued to swing. Further investigation showed WBC, 45,000/mm3, 59°/O of which were eosinophils; ESR 90 mm in first hour; serum albumin 3-0 g%'0; globulin 4-6 g°4, with a markedly raised y-globulin fraction; serum calcium, 8-9 mg°4; inorganic phosphate, 5-0 mg°.; chest X-ray and i.v.p. normal. Two weeks after the operation his condition remained unchanged and he developed left-sided headaches. Treatment with prednisone 15 mg t.d.s. was commenced, the dose subsequently being increased to 20 mg t.d.s. However, his headache became more severe and he was found to have signs of early papilloedema in both fundi. A skull X-ray was normal but an EEG showed rightsided delta wave activity. In view of the possibility of an expanding intracranial lesion the patient was transferred to the neurosurgical unit at Frenchay Hospital, Bristol.
On arrival at Frenchay Hospital he was conscious but drowsy and pyrexial (38 5°C). There was bilateral papilloedema but normal visual activity, a dilated right pupil but reacting briskly to light, bilateral brisk reflexes but motor function and sensation were otherwise normal. A right carotid arteriogram showed elevation of the right middle cerebral artery and intracranial examination via a burr hole showed enlargement of the right temporal horn with c.s.f. under pressure, protein 50 mg°/0 and WBC 7/mm3. Ventriculography showed moderate hydrocephalus with free flow into the cisterna magna and the lumbar c.s.f. pressure was 340 mmHg. A Pudenz ventriculoatrial catheter was inserted but in spite of this procedure his condition deteriorated. He complained of severe pain in the muscles of his limbs and back and on examination was found to have a purpuric rash on the palms of both hands (Fig. 3) . He still had cervical postponed owing to thrombocytopenia. The patient's condition gradually deteriorated. Although he remained conscious and orientated he developed bilateral pyramidal tract signs. His abdomen became progressively distended and he developed profuse diarrhoea. His respiratory rate increased and although his chest remained clear clinically X-ray showed miliary mottling (Fig. 4) . Cyclophosphamide was given in a dose of 100 mg i.v. daily for 4 days but this coincided with a rapid progression in the radiological changes in his lungs, and although the thrombocytopenia became more pronounced there was no reduction in the degree of eosinophilia. Heparin was administered during the last week of his illness. He finally died 3 months after the onset of his illness.
Post-mortem findings
The brain (1440 g) was somewhat swollen and the coronal slices showed scattered small areas of infarction mainly involving the bases of sulci. Two very small areas of infarction were also present in the cerebellar cortex.
Both lungs (R, 345 g; L, 335 g) were congested and the cut surface showed haemorrhagic oedema.
The heart (200 g) was not enlarged but the pericardial sac contained 25 cm3 of clear yellow fluid. There were no vegetations on the valves but tiny yellowish white areas suggestive of necrosis were present in the myocardium. Thrombus was adherent to the endocardium.
The large intestine at its proximal end at the site of anastomosis looked somewhat gangrenous but the remaining colon was also congested and dilated. Throughout its entire length there were multiple small, shallow, punched-out areas of mucosal ulceration ( Fig. 5 ). No thrombus was seen in the mesenteric vessels. The liver (1450 g) was smooth but the cut surface was fatty; the spleen (275 g) contained an infarct 4 x 4 x 3 cm; the kidneys (R, 85 g; L, 85 g) showed a congested cortex.
Histological findings
The areas of infarction in the brain showed proliferation of lymphocytes, plasma cells, fat granule cells and astrocytes. At the centre of these infarctions there were small blood vessels containing fibrin thrombus and their walls were oedematous. The choroid plexus was infiltrated by inflammatory cells including eosinophils (Fig. 6) .
In addition to multiple areas of infarction in the brain, the heart, spleen, liver, small and large intestine, skin, muscles and nerves showed inflammatory cell infiltration of the small vessels. Among the inflammatory cells, plasma cells and lymphocytes predominated but a few eosinophils were also present. These inflammatory vessels were surrounded by micro infarcts but the large arteries were normal. In the kidneys there was necrosis of the proximal tubules but no vasculitis. The main findings in the lungs were alveolar cell metaplasia, interstitial~~~~~~~~~~~~~~~~~~~~~~~~~. infiltration by lymphocytes, plasma cells and some eosinophils.
Discussion
Eosinophilia in the peripheral blood may occur as a feature of the following conditions: IgE-mediated (type I) hypersensitivity reactions either in atopic individuals with asthma, hay fever and eczema, or in drug hypersensitivity; pulmonary eosinophilia; parasitic infections, these for the most part occurring in the tropics, but in this country Toxocara canis and T. catis (Woodruff, 1970) and Trichinella spiralis, polyarteritis nodosa; pemphigus and dermatitis herpetiformis, carcinomas and Hodgkin's disease; disseminated eosinophilic collagen disease (Engfeldt and Zetterstr6m, 1956; Pierce, Hosseinian and Constantine, 1967) , leukaemia and immune complex diseases.
In the case described, the dominant features are those of pronounced mature eosinophilia in the peripheral blood and marrow, a generalized vasculitis affecting colon, heart, lungs, skin and brain but sparing kidneys, and mural thrombosis with probable systemic embolism. There was no evidence that this represented a type I hypersensitivity reaction to bacterial or parasitic infection; the normal serum IgE concentration supporting this view. On the other hand, the presence of mature eosinophils in the peripheral blood and marrow, the absence of Philadelphia chromosome and normal leucocyte alkaline phosphatase activity, are not consistent with a diagnosis of leukaemia. The clinical features of lymphadenopathy and splenomegaly, absence of renal involvement and the histological features were not compatible with a diagnosis of polyarteritis nodosa. Histological examination of the lymph nodes did not show any evidence of a reticulosis.
..~~; qF IG. 6. Choroid plexus infiltrated by inflammatory cells.
Similar cases are recorded in the literature. The majority have been described as cases of eosinophilic leukaemia. However, various authors have suggested that, in view of the maturity of the eosinophils (Gruenwald et al., 1965) , absence of Philadelphia chromosome, normal leucocyte alkaline phosphatase activity and, in many cases, the benign nature of the disease, this is a misnomer (Zuelzer and Apt, 1949; Bentley et al., 1961; Odeburg, 1965) .
The title of hypereosinophilic syndrome has been coined (Hardy and Anderson, 1968; Resnick and Myerson, 1971) to describe a wide spectrum of disorders ranging from acute to chronic, benign to malignant, and involving from one to many organs. Hence, at one extreme is the benign disorder of transient pulmonary infiltration associated with eosinophilia (Loffler's syndrome) and at the other, a disseminated vasculitis. A frequent manifestation of the latter is cardiac involvement with mural thrombosis and systemic embolism. In disseminated eosinophilic collagen disease there are, in addition to eosinophilia and vasculitis, dermatological manifestations characteristic of dermatomyositis.
Although neurological involvement has been described in this syndrome, the feature of communicating hydrocephalus has not been alluded to. In life, it was postulated that the mechanism was impaired drainage of c.s.f. into the intracranial venous sinuses as a result of thrombosis. This was not confirmed at post-mortem examination. However, the choroid plexus was infiltrated with inflammatory cells, probably secondary to immune complex deposition as this has been described in systemic lupus erythematosus (Atkins et al., 1971) . It is postulated that the raised intracranial pressure was due to excess c.s.f. secretion.
The pronounced eosinophilia in this case is probably related to immune complex formation as these are known to be eosinotactic (Parish, 1972) . In addition, as a part of the reparative process following vasculitis, large concentrations of fibrin are deposited and it has been shown experimentally (Riddle and Barnhart, 1965 ) that eosinophils play a part in the process of fibrinolysis. Profibrinolysin (plasminogen) is localized in the eosinophilic granules and eosinophils have been seen to be attracted to loci where fibrin is being deposited.
Of particular interest in this case is the high serum antibody titre to measles virus. The level detected was consistent with recent infection. The exanthem of measles is an immune complex manifestation, and immune complex nephropathy has been described in this disease. Immune complexes have been described as a feature of sub-acute sclerosing panencephalitis (SSPE) in which condition measles virus has been demonstrated in cerebral tissue (Dayan and Stokes, 1972) . However, there is no previous report of measles being associated with disseminated vasculitis with eosinophilia.
It seems likely that this patient had a T cell (cell mediated immunity) defect and died of an unsuccessful attempt to counter a measles infection. He had not, however, previously indicated any evidence of impaired immunity to viral infections. Studies of T cell function were not carried out but as measles infection may itself impair cell-mediated immunity (White and Boyd, 1973) , results would have been difficult to interpret. However, the presence of measles specific IgG, with no measles specific IgM, in the serum * would suggest that T cell function was normal. It is important to note that there was no associated elevation of antibodies to other viruses tested. If this had been the case it would have indicated a generalized hyperimmune state (Phillips and Christian, 1973) and would not have favoured measles as an aetiological agent. * The technique used to determine the immunoglobulin class of the measles antibody was that of indirect immunofluorescence with measles-infected Vero cells grown at 30'C. These were treated with the IgM fraction of the patient's serum (separated on a sucrose density gradient) and a conjugated anti-human IgM serum. The IgM fraction of the patient's serum was tested with a conjugated anti-human IgG serum. It has been shown that this method could detect measles IgM by doing the test with an early convalescent measles serum containing measles IgM.
